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TOM TAT: Nhdn dang chinh xéac hoat dgng hang ngay ciia con nguai ludn 1a mgt chi @é thu hit s chi y trong nghién ciiu
va 1 mét nhiém vu khé khan, ddc biét khi s6 liwong hoat dong lom trong dé c6 ca cac hoat dong bat thweong nhie ngd. Nho sie phé
bién réng rai viéc sir dung dién thogi thdng minh, bai toan nhdn dang hoat déng duwa vao di liéu thu dwroc tir cam bién trén dién
thoai thong minh nguoi dimg dang diroc quan tdm nhiéu. Bai bao nay sé khdo sdt danh gid mét md hinh nhdn dang cac hoar déng
hang ngay bao gom cd céac hanh vi bdt thirong dua trén di lidu cam bién gia toc cia dién thogi thong minh. Anh huéng kich thudéc
cira s6 trirot Va céc tap thuge tinh khac nhau 18n dé chinh xac phan 16p timg hanh déng ciing sé duwot khdo sdt danh gid trong bai
béo nay. Tdp thugc tinh khdc nhau dioc xem xét dira trén cac mién khac nhau bao gém tdp thugc tinh mién thoi gian, tdp thugc tinh
mién tan so va tdp thugc tinh Hjorth cling cac té hop giiFa cac mién dé lira chon tdp thuge tinh phi hop nang cao két qua phan
I6p. Thuec nghiém duoc tién hanh trén cac bé phan logi khac nhau bao gom Random Forest (RF), SVM, kNN va két qud thu dicoc
cho thdy gidi thudt Random Forest dat dieoc két qua nhan dgng tét nhat.

Tir khéa: Nhin dang hanh dong, cam bién gia toc trén smartphone, mé hinh phdan I6p Random Forest, tdp thugc tinh.

I. GIOI THIEU

Dién thoai thong minh da tré' nén phd bién ¢ nhiéu nudce trén thé gi¢i va Viét Nam, do dé no6 trd thanh mot cong
cy hiru ich cho nhén dang hanh dgng hang ngay cua ngudi dung nho thu thap cac dir liéu tir cac cam bién dugc tich
hop. Vi su gia tang dan s6 cao tudi & nhiéu nude trén thé gidi hién nay, hé thong nhan dang hanh dng dac biét 1a cac
hanh dong bat thudng cia con nguoi xdy ra do ngd, dot quy, bi va dap manh hodc mét kiém soat... cang dugc quan tdm
nghién ctru trong nhitng nim gan day dé hd tro ban than nguoi cao tudi va ngudi chim soc trong cude séng hang ngay.
Nhan dang hanh dong hang ngay cua con ngudi dva trén m6 hinh hoc may da dugc quan tdm nghién ctu tir lau va
dugc ng dung trong nhiéu linh vic khac nhau nhu giao thong, gidm st moi trudng va cham soc y té [1], [2]. Trong
cudc song hang ngay voi nhiéu hoat dong, cac hanh vi bat thuong c6 thé rit da dang, tuy nhién hanh vi bat thuong do
ngd van dugce quan tdm cha ¥ nhan dang nhiéu nhat vi hau quéa cia ngd dem lai thuong nghiém trong dic biét ddi véi
nguoi gia.

Ravi va cong su [3] da phan loai 8 hoat dong khac nhau ctia con ngudi bang cach sur dung gia toc ké. Shoaib va
cong su [4] da s dung ca dién thoai thong minh va dong hd thong minh dé xac dinh cac hoat dong hang ngay khac
nhau ctia con ngudi. Ho di stir dung mé hinh phéan 16p cay quyét dinh C4.5, kNN va SVM. Sag bas va Balli [5] da so
sanh sy thanh cong cta phuong phéap Naive Bayes va kNN trong viéc phan loai cac hoat dong cua con nguoi bang cach
str dung gia téc ké va cam bién dém budc chan cia dong hd thong minh. Trong nghién ctru duge thyc hién boi Parkka
va cong su [6] hoat dong hang ngay da dugc xdc dinh voi cac cam bién gia tdc ké va con quay hdi chuyén gin ¢ hong,
¢d tay va ¢b chan, nhimg két qua dat dugc ¢ ba vi tri nay da dugce so sanh. Riboni va Bettini [7] da s dung cac mang
Bayes, C4.5, hoi quy logistic, Naive Bayes va SVM dé phan loai dit li¢u thu dugc tir dién thoai thong minh Android va
thiét bi deo dugc cua Sun microsystems. Trong bai béo ndy, nhém tac gia da lwa chon dién thoai thong minh dé tién
hanh cac nghién ciru Vi tinh pho bién ctia no.

Nhan dién ding cdc mau hanh vi bat thuong lién quan dén ng khi chi str dung dir liéu cam bién trén dién thoai
thong minh la mot thach thue 16n. Co nhiéu yéu to tac dong din dén kha nang nga va co thé duoc phan thanh cac yéu
t6 bén trong lién quan dén hanh vi, trang thai stre khoe con ngudi va cac yéu t6 bén ngoai lién quan dén méi truong [8],
[9]. Viéc nhan dién dugc cang nhiéu cac mdi lién két gilta cac yéu t6 nay s& cang gilip xac dinh dugc o6 mure do rui ro
dan dén ngi. Vi chi dir lidu thu tir cac cam bién chuyén dong trén dién thoai thong minh thi yéu t6 méi truong khong
dugc xac dinh s& tao ra thach thire 16n dé danh gia duwoc mire do rui ro ngd. Do vy, viée can thiét 1a phai xac dinh duoc
15 cac pha déc trung trong dang di cua con nguoi, dac biét la nguoi gia, qua d6 xac dinh duge cac tham sé dic trung
cho ting pha va sy bién doi cac tham s6 d6 theo thoi gian anh huong dén kha ning nga. Viéc xdy dyng mé hinh nhan
dién hanh vi bat thuong ciing can xem xét cac phuong phap trich xuat déc trung khac nhau: trich rat déc trung mién
thoi gian, trich rat dic trung mién tin sd, mién bién di hodc tham sb Hjorth. Xac dinh dugc tap cac ddc trung tiéu biéu
s& ¢6 vai tro vo cliing quan trong cho phép thuat toan phan loai c¢6 thé nhan dién cac mau hanh vi bat thuong cua con
nguoi voi do chinh x4c cao trong bdi canh hoat dong séng hang ngay tai Viét Nam.

Tinh m&i ctia nghién ciru nay nim dé xuat tap thudc tinh ddc trung dya trén mién thoi gian va mién tan s nham
bién doi dit liéu cam bién thanh dir liéu dac trung phuc vu cho nhén dang hanh dong va hanh vi bat thuong. Két qua do
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do sau khi phan 16p dir liéu dugc sur dung dé danh gia, lya chon tap thudc tinh. Trong d6, st dung tham $6 Hjorth cho
c4c dai luong khac nhau nhim thu dugc cac thudc tinh phit hop dé bién dbi dir liéu cam bién thanh dit lidu dic trung.
Tap thudc tinh dic trung phu hop sé& st dung lam co sé cho viée xay dung h¢ thong nhan dang bang céc phwong phap
phan 16p RF, kNN va SVM. Két qua thu duoc cho thay giai thuat RF c6 két qua nhan dang ot nhat.

Céu tric ciia bai bdo & phan II giéi thiéu so dd hé thong nhan dang, cac budc tién xir 1y dit liéu, thiét 1ap cira s6
dir liéu va tap thudc tinh dic trung. Phan III trinh bay qua trinh thuc nghiém va ddnh gia m6 hinh. Phan IV s€ dua ra
cac két luan va de xuat hudng nghién clru trong tuong lai.

II. MO HINH NHAN DANG
A. So dé hé thong nhan dang

Hé théng nhan dang hanh dong thuc hién viéc thu thap, tién xur 1y dir liéu, bién ddi dé co tap dir liéu dic trung
dua trén tap thudc tinh duoc dé xuat. Tur mot sd nghién ctru da c6 cho théy, kich thudce cira s6 dir liéu sir dung trong
nhan dang dugc ¢ dinh d6i véi tat ca cac ddi tuong. Didu nay gap phai nhiéu kho khan khi cac hanh dong, hanh vi can
nhan dang c6 nhirng dic diém, tinh chit khac nhau. Do d6, hé thong nhan dang dwa vao dit liéu dic trung dugc bién
ddi béng tap thudc tinh d& xuét véi cira s dit lidu khac nhau theo ting loai hanh dong. Cac kich thudc cura s6 dugc lua
chon dya trén danh gia d6 do AUC khi phan 16p dit ligu.

Dit lidu cam bién gia toc thu dugc tir dién thoai gdm cac diém dit liéu 14 nhitng vécto gdm ba sb thuc twong tng
trén ba truc X, Y, Z cta hé truc toa do thiét bi. Chudi tin hiéu cam bién gia tdc v6i cac diém duge thém vao theo thoi
gian c6 tinh chét cia dir liéu chudi thoi gian. Vi mot chudi thoi gian dang ludng bao gdm mot sé 16n cac gia tri. Do cac
nhan té chii quan, khach quan ciing nhu sy khac nhau vé ching loai thiét bi, tan s6 lay mau khi thu dir liéu s€ cho cac
chudi dir liéu s& khac nhau. Vi vay, can str dung nhiing k¥ thuat tién xu 1y cling nhu phan doan cura sO tin hiéu c6 kich
thudc phtt hop sao cho thong tin vé dbi tugng nhan dang nhiéu nhét trén ctra s6 dit liéu do.

K¥ thuat cit va chéng dir liéu dugc sir dung dé phan doan mot chudi dir liéu cam bién lién tuc thanh cac cura sb
¢6 kich thu6c 1a W. Cit chong dir lidu 1a cach 14y lai mot sé diém dir liéu cia cira s6 trude d6 1am mot thanh phan cho
ctra sO hién tai. K¥ thuat nay duoc sir dung trong nhiéu nghién ctru da cong bd vé nhan dang hanh dong, hanh vi thong
qua dit liéu cam bién nhu [10], [11], [12], [13].

Dua vao cac cira sd dit liéu, nhimg phuong phép trich xudt, bién doi dir liéu dwoc 4p dung dé dua ra nhing gia
tri dc trung cua cac dbi twong can nhan dang. Tiép dén 1a 4p dung nhitng thut toan nhan dang phu hop dé thu duoc
két qua mong mudn.

Hé théng nhan dang cac hoat dong hang ngay bao gdm ca cac hanh vi bat thuong dya trén dit liéu cam bién gia
toc cua dién thoai thong minh duoc xay dung va biéu dién nhu Hinh 1:

TIEN XU LY DO LIEV
- Ky thudt cira sb
- Bién d0i dif liéu

MO HINH NHAN DANG

D LIEu 1A TdC
(gdn nhén)

A4

Pha husn luvén Tham si'ma hinh
Pha phat hién E—
— TIEN XU'LY D LIEU .
DU LIEUGIA TOC - Ky thuat cira sb SE—— PHAN LOP
(phat hién) - Bién dai di liéu

\L Hanh dong

LOAIHANH BONG

Hinh 1. Hé théng nhéan dang céc hoat dong hang ngay

Hé thong nhan dang bao gdm 2 pha: Pha thir nhat, sir dung dit liéu gia téc c6 gén nhin céc loai hanh dong co
ban da dugc thu thap va xac dinh trudce. Cac ky thuét tién xur ly dir liéu duoc st dung Kkét hop vdi tap thudc tinh dac
trung dwoc dé xudt dé xay dung tap dir liéu dic trung qua d6 xdy dung mé hinh phat hién cho hé thdng bing phuwong
phép nhan dang. Pha thir hai, nhan dang cac hoat dong hang ngay dua trén dir li€u cam bién thu duoc tur dién thoai cua
c4c tinh nguyén vién. Céac ky thuat bién ddi dir liéu, trich xut dic trung dugc 4p dung dé tao mau dit liéu phat hién,
phat hién nhan ctia mau dir liéu nay bé“mg bd phan 16p.

MJi loai hanh dong, hanh vi ¢6 tinh chit, ddc trung khac nhau nén kich thudce cira s6 dit lidu tuong ng clng
khac nhau. Viéc tim mét cira sé c6 kich thude phi hop chira du cac thong tin cua tat ca cac ddi tuong can phan loai,
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nhin dang s& gip nhiéu khé khan din dén can phai khao sat va lwa chon céc kich thuéc phu hop véi timg nhan 16p.
Trong k¥ thudt ctra s6 dit liéu, ket qua khao sat, toi wu nhan dugc 1a cac gia tri kich thude cura s6 va chong dir 1liéu phu
hop theo tirng nhén 16p hanh dong.

B. Cdc ky thudt phdn Iop sir dung trong mé hinh

Ngay nay, cung v6i sy tang nhanh vé dung luong va ching loai dir liéu. Céac ky thuat, m6 hinh ciing dugc
nghién ciru cai tién dé dap ung dugc nhiing yéu céu trong bbi canh moi ddt ra. Mo hinh phan 16p 1a mét trong nhitng
mb hinh phd bién, dugc ép dung trong nhiéu bai todn khac nhau. Nhiéu mé hinh phan 16p c6 thé sir dung trong nhén
dang hoat dong bao gdom cay quyét dinh, phuong phap Naive Bayes, KNN, mang noron, mé hinh Markov va két hop
cic bo phan 16p [14]. Trong nghién ctru ndy, nhom tac gia sir dung cac md hinh phan 16p: Ring ngau nhién RF, thuat
toan phan 16p may vécto hd trg SVM va thuét toan phan 16p kNN dé tién hanh thuyc nghiém. Phuong phép phan 16p phi
tham s kNN rat pho bién trong hoat dong nhan dang; may vécto hd trg SVM di duogc ching minh 13 c6 d6 chinh xac
trong du bao rat tot trong cac tmg dung, bao gdm ca nhan dang hoat dong [15].

Thuat toan KNN 1a mét trong nhitng phwong phap hoc c¢6 giam sat "Supervised Learning" tirc 1a dya trén bién
muc tiéu d4 duge x&c dinh trude do, thuat toan s& xem xét dir liéu da chira bién muc tidu (da phan loai) dé “hoc va tim
ra nhing bién d c6 thé tac dong dén bién muc tiéu. Khi dua mot phan tir dit liéu méi, giai thudt s& tim k phan tir dir liéu
lang giéng gin nd nhét (k nearest neighbors), sau d6 dwa trén nhan (16p) cua cac lang giéng ndy ma n6 sé quyet dinh
nhan (16p) cua phan tir dit liéu méi 1a thude 16p nao. Trudng hop don gian nhét, gia sir chi tim mot phan tur gan phan tu
m&i nhit, nhin cia phan tir méi s& duoc gan 1a nhan cta phan tir tim duge. Dé tim cac phan tir lang giéng gan nhit can
dinh nghia d6 do nao do, mét trong cac d6 do dién hinh 1a do do khoang cach Euclide [16-tr255]. Giai thuat KNN con
goi 14 "Lazy learning method" vi tinh don gian ciia no, qua trinh training khéng qué phirc tap dé hoan thanh mé hinh
(tat ca cac dir lidu dao tao c6 thé duoc sir dung dé kiém tra mo hinh kNN). Biéu nay lam cho viéc xay dung mé hinh
nhanh hon nhung giai doan thtr nghiém cham hon va ton kém hon vé mit thoi gian va bd nhé luu trit, dac biét khi bd
dir liéu 16n va phtc tap voi nhiéu bién khac nhau. Trong trudng hop x4u nhét, KNN can thém thoi gian dé quét tat ca
cac diém dir liéu va viéc nay s& can nhiéu khong gian bo nhé hon dé luu trir dir liéu. Ngoai ra, KNN khong can dua trén
cac tham sé khac nhau dé tién hanh phén loai dit liéu, khong dua ra bat ky két luan cu thé nao giita bién dau vao va
bién muc tiéu, ma chi dya trén khoang cach giita data point cin phén loai véi data point da phan loai truée do. Pay l1a
mot ddc diém cuc ky hitu ich vi hau hét dit liéu trong thé gidi thuc tai khong thuc su tudn theo bat ky gia dinh 1y thuyét
nao vi du nhu phan phéi chuén trong thong ké.

Thuat toan may vécto hd tro (Support Vécto Machine - SVM) 1a mot thude 16p giai thuat phan 16p théng ké.
Déy 1a mot md hinh hoc mdy ¢ gidm sat thuong dugc dung trong cac bai toan phan loai nhi phan. SVM ¢6 kha nang
xtr 1y ca dir liéu tuyén tinh va dir liéu khong tuyen tinh. Ban chit cua giai thuat nay la xay dung mot siéu phang dé phan
chia dir li¢u thanh 2 nira. Giai thuat ndy coi moi dir liéu huén luyén ng v&i mot diém trong khong gian N chiéu, mo
hinh s& tim mdt siéu phang N — 1 chiéu t6t nhat chia doi tap diém sao cho cac dir liéu cing 16p thudc ciing mot phan
khong gian. Tét nhat & day theo nghia si€u phang co 1& lon nhét, voi 18 1a khoang cach tir diém gan nhat (6 mdi 16p) t6i
siéu phang Trong truong hop néu dir licu la khong tuyen tinh, né s€ sur dung mot ham nhén (kernel function) dé
chuyén dbi tap dit liéu ban du sang mot khong gian méi c6 s6 chiéu 16n hon dé xir 1y [16-tr245].

Thuét toan Ring ngau nhién (Random Forest) dwa trén k¥ thuat hoc két hop, 14 mot phwong phap tao ra nhiéu
bd phan 16p va két hop cac két qua cua chung. Rirng ngau nhién sé& tao ra nhiéu ciy quyét dinh ma cu thé 1a thuat todn
phén 16p cdy phan loai va hdi quy (CART) [17], sir dung k¥ thuat bagging. M3di cay duge hudn luyén str dung mot mau
dir liéu moi (bootstrap), lay tir tap dit liéu gbc ban dau va tim kiém trong mot nhom nho ngau nhién céc thude tinh
trong tap thudc tinh dau vao dé phan chia cho mitrc tiép theo cua cdy. CART la cay quyét dinh nhi phén, dugc tao nén
bang cach lién tiép phan chia dit liéu tai mdi nat thanh cac nit nho hon, bat dau tir niit gdc chira toan b dir liéu dau
vao. Nho chia nho khong gian tim kiém theo cach nay, viéc phan loai dugc thuc hién rat nhanh chong ké ca d6i voi
truong hop khong gian thuoc tinh 16n. Tham sb dau vao cua ham phén chia bao gdm cac thudc tinh duge chon trong
moi lan phéan chia. Rung ngau nhién khong han ché s6 lugng cay tao ra ciing nhu sy mo rong cua cdy. Tuy nhién, can
chon s6 cay s& dugc sinh dé dam bao méi mot thugc tinh s& dugc kiém tra ‘mot vai lan. Dé xay dung tap huan luyén va
phuong phép kiém tra, k¥ thuat “out-of-bag” dugc sir dung trong rirng ngiu nhién. Gidng CART, rimg ngau nhién su
dung d6 do Gini cho d pha tap thong tin (impurity) dé tim ra tp phan chia t&t nht, 13 tip c6 d6 pha tap thong tin t6i
thiéu tai moi nut [18]. Do pha tap thong tin Gini 13 mot cach do phan bd nhin cia céc 16p trong mot nut, 1dy gia tri
trong khoang [0, 1], trong d6 gia tri 0 c6 dwoc khi moi phan tir trong mot nut déu thudc cing mot 16p.

C. Tap thudc tinh dic trung

Trong mién thoi gian, mot $6 dai lugng théng ké co ban dugc sir dung lua chon 1am céac thudc tinh dac trung
nhu gia tri trung binh, phuong sai va d 1éch chuén. Bén canh d6, mot s tinh nang khac trong mién thoi gian nhu do
léch mau (do léch giira cac gia tri mau cuc dai va cuc tiéu), twong quan tin hi¢u va hé sb twong quan, ti 1¢ dinh trén
trung binh (PAR), dién tich do 16n tin hiéu (SMA), d6 16n vécto tin hiéu (SVM) va tin hiéu vi sai do 16n vécto
(DSVM) [19].

Qué trinh hoat dong cua con ngudi co sy thay doi gia tc nén cac thude tinh trong mién thoi gian co ¥ nghia va
ham chuira nhirng thong tin hitu ich khi phén tich cac hanh dong, hanh vi. Ngoai ra, ciing can phén tich nhitng thudc tinh
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hd tro tir cac mién thong tin khac. pé lya chon duoc tép thudce tinh dédc trung phu hop, can két hop cac thudc tinh trén
mién thoi gian, mién tin s6 va cac tham sb Hjorth. Tuy nhién, dé danh gia dugc su ho tro cua cac tap thudce tinh. Ching
t6i 1an luot danh gia va két hop v6i nhau nham 1am 13 sy anh hudng ctia cac tham sd.

Tap thudc tinh (T): Tap thudc tinh nay bao gdm céc thudc tinh trén mién thoi gian d6 1a gia tri trung binh, thude
tinh phuong sai, thudc tinh hi¢p phuong sai, thude tinh d 1éch chuén, thudc tinh do tuong quan, gia tri diém cat khong,
thudc tinh d6 do hiéu dung trén ting ctra s6 dit lidu. Cung véi cac thude tinh ti 1& dinh trén trung binh (Pick Average
Ratio) trén cac truc X, Y, Z cua cam bién gia tdc nhiam ting thém hiéu qua nhan dang cac hanh dong giao thong. Két
hop véi 4 thudc tinh dién tich d6 16n tin hi¢u (SMA) [19] clng véi thude tinh d6 16n vécto tin hiéu vi sai DSVM [19],
thudc tinh vé gia tri trung binh, phuong sai va gié tri woc tinh cho tdc do bién thién goc quay. Tong sé thude tinh trong
mién thoi gian ¢ tap T 1a 34 thudc tinh.

Tap thudc tinh (F): Tép thudc tinh nay bao gom cac thudc tinh trén mién tan so clia tin hiéu cam bién gia téc thu
dugc trong cac hoat dong. Bén canh d6, su thay ddi vé tin hiéu dan dén thay doi vé gia tri nang luong, nén céc dai
luong lién quan dén nang lugng tin hi¢u cling nhu d6 do Entropy duoc lua chon nham trg giup nhan dang cac hanh
d6ng, hanh vi khac nhau. S6 lugng céc thudc tinh trong tap F nay 1a 7 thudc tinh.

Tham s6 Hjorth (H): Buoc d8é xuét sir dung chu yéu trong linh vyc phan tich tin hi¢u tin sinh hoc [20][21]. Pac
trung ctia tham sd nay c6 tinh chat théng ké cta tin hidu trong mién thoi gian gom tinh hoat dong, tinh di dong va tinh
phirc hop cua tin hiéu. P& nhan dang hanh dong va hanh vi, nhom tac gia dé xuét st dung céc tham s6 nay ddi véi cac
dai luong goc xoay ciing nhu dai lugng trén cac truc khac nhau cia dit liéu cam bién gia toc. Tap thudc tinh tir tham sb
Hjorth ky hi¢u 1a H bao gém 18 thudc tinh dugc sir dung cho thuc nghiém.

III. THU'C NGHIEM PANH GIA MO HINH
A. Tong quan vé bj div liéu

Trong nghién ctru nay, nhom tac gia sir dung bd dir liéu cam bién dién thoai MobiAct dé tién hanh xay dung hé
théng nhdn dang. MobiAct 1a mdt bd dir liéu d3 cong bd rong rai cod thé tai vé mién phi tr dia
chi www.bmi. Teicrete.gr. Bo dit liéu ndy bao gom 4 loai nga khac nhau va 12 trang thai hoat dong hang ngay (ADL -
Activities of Daily Living) khac nhau dugc 66 tinh nguyén vién thyc hién véi hon 9879 thir nghiém dugc thu thap tir 3
loai cam bién bao gdm gia toc ké (acc - accelerometer), con quay héi chuyén (gyro - gyroscope) va cam bién goc
nghiéng (ori - orientation) ctia dién thoai thong minh Samsung Galaxy S3 [22]. B6 dit liéu MobiAct phi hop dé diéu
tra ca nhiém vu phét hién/nhan dang sy té ngd va nhan dang hoat dong ciia con ngudi. Bang 1 va 2 tom tét tat ca cac
hoat dong hang ngay va hanh dong nga dugc ghi lai (va ma hoat dong), s6 luong, thoi gian thir nghiém va mé ta tom tit
vé cac hoat dong.

Bang 1.Cac hoat dong hang ngay (ADL)

TT | Nhan Hoat dong ngThl;gm ;I';: Mo ti
1 STD | bung 1 5 phit | Pang voi voi cia ddng nhe nhang
2 | WAL | Pibd 1 5 phit | Bi bd binh thuong
3 JOG | Chaybd 3 30 gidy | Chay bd
4 JUM | Nhay 3 30 gidy | Nhay lién tuc
5 | STU | Lén ciu thang 6 10 gidy | Di 18n ciu thang (10 bic)
6 STN | Xubng ciu thang 6 10 gidy | Di xudng ciu thang (10 bic)
7 SCH | Pung chuyén sang ngdi 6 6 gidy | Chuyén tiép tir dimg sang ngdi (ngdi trén ghé)
8 SIT | Ngdi trén ghé 1 1 phiit | Ngdi trén ghé voi nhiitng ctr dong nhe nhang
9 CHU | Ngbi chuyén sang dimg 6 6 gidy | Chuyén tiép tir ngdi sang dimg (ding 1én tir ghé)
10 CSI | Budc vao xe hoi 6 6 gidy | Budc vao trong xe
11 | CSO | Budc ra khoi xe hoi 6 6 gidy | Budc ra khdi xe hoi
12 LYI Nim 12 - Hoat dong dugc thuc hién ¢ khoang thoi gian ndm sau nga
Bang 2. Cac trang thai nga (Falls)
TT | Nhan Hoat dong ngTh';gm Eg"; M ti
10 FOL | Ngi vé phia truge 3 10 gidy | Ngi vé phia trudce khi dang dimg, st dung tay dé chéng nga
11 | FKL | Ngi gap dau gbi 3 10 gidy | Ngi vé phia trudc khi dang dimg, ddu gdi tiép xuc dau tién.
12 BSC | Ngi tir ghé 3 10 gidy | Ngi ngira trong khi dang ngdi trén ghé
13 | SDL | Nga nghiéng 3 10 gidy | Nga sang mdt bén khi dang dimg, gap chan

Thanh c6ng ciia phuong phap d& xuét ciing d dugc danh gia vdi cac tiéu chi danh gia khac nhau. O giai doan
nay, khu vuc dudi duong cong (AUC), d6 chinh xac phén loai (Acc) va F-measure da dugc st dung. Cac tiéu chi nay
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thuong duoc ua thich trong cac nghién ciru nhan dang hanh dong cta con ngudi va céc vén dé phan loai [7][23][24].
Muc dich ctia viéc st dung cac phuong phéap khac nhau trong thuc nghiém 1 dé nhan dugc két qua phan 16p tot nhat.

B. Két qua thwe nghiém
1. Anh huéng cua tap thudc tinh dic trung

Pé danh gia, lya chon tdp thudc tinh cod két qua phan loai tdt nh?it, nhém nghién ciru tién hanh danh gia trén
tung tap thudc tinh H, T, F, sau d6 tién hanh két hop cac tap thude tinh véi nhau s€ duge TF, TH, TFH.

Thong qua thyc nghiém, nham danh gia tinh chét cua céc thude tinh phu hop, ctra s6 dit liéu duge lua chon 13 5
gidy dbi voi tit ca hanh dong, cing véi ti 1¢ chong dir lidu 14 50 %. Mot sb thuat toan phan 16p thong dung nhu RF,
kNN, SVM véi cac tham sé mic dinh trong phan mém weka dugc Iya chon nhu trong Bang 3 dé tién hanh thuc
nghiém. S6 luong céac thudc tinh trén mdi tap dugc biéu dién nhu Bang 4. Phuong phap danh gia sir dung kiém tra chéo
- 10 fold.

Bing 3. Tham sb ctia CAC thuat toan phan 16p sir dung cho thuc nghiém

TT | Thuit toén Tham sb
S5 luong cy trong RF, | = 100; Xac nhan chéo 10 Ian (cross-validation folds = 10), Kich thudc gio (%)
1 RF A e PR A L A e A oA
50 Vi tdp huan Iuyen P = 100; khdng giGi han d6 su toi da cua cly.
3 k- NN S6 luong lang giéng gan nhat k = 1; Khong c6 gigi han vé sé lwong phién ban huan luyén W = 0; Thuat
toan tim kiém lang giéng gin nhit dé st dung (Mic dinh: weka.core.neighboursearch. LinearNNSearch).
Tham sb d6 phic tap C = 1,0; Sé 1an xéac thuc chéo: sir dung dit liéu huan luyén; Phuong phap hiéu chudn
5 SVM , o i S ,
str dung md hinh hoi quy logistic da thirc.
Bang 4. Cac tap thudc tinh dung dé khao sat cho hé thong nhan dang hanh dong
Mién, tham s6 Hjorth Tén tip thudc tinh S$6 lrgng thudc tinh
Thoi gian T 34
Tén s F 07
Hjorth H 18
Thoi gian + Tan s6 TF 41
Thoi gian + Hjorth TH 52
Thoi gian + Tén s6 + Hojrth TFH 59

Thyuc nghiém véi cac tap thude tinh trén thu duge cac két qua vé do chinh xac Accuracy (Acc), AUC va F-
measure nhu Bang 5. Trong nghién cru nay, F-measure dugc tinh toan cho céc hanh vi ngd. Két qua dua ra trong Bang
5 1a gia trj trung binh cua cac hanh déng ngé da gidi thiéu ¢ Bang 1.

Béng 5.Két qua phén 16p cac hoat dong va hanh vi nga trén (Falls) cac tap thudc tinh khac nhau
5s 50 Random Forest SVM kNN
% Acc F-measure AUC Acc F-measure AUC Acc F-measure AUC
T 93,00 % 68,78 % 98,28% | 81,83% 28,45 % 89,24% | 91,22 % 65,40 % 79,53 %
F 86,76 % 55,44 % 96,58 % | 79,92 % 25,80 % 84,27 % | 83,37 % 46,48 % 70,81 %
H 86,38 % 48,78 % 9555% | 78,93 % 13,65 % 81,07% | 76,82 % 27,95 % 65,94 %
TF 93,91 % 72,40 % 98,36 % | 82,17 % 31,28 % 89,69% | 91,37 % 68,05 % 80,21 %
TH 93,91 % 73,52 % 9748% | 82,17% 31,88 % 8348% | 91,37 % 65,60 % 76,33 %
TFH | 94,80 % 83,98 % 98,34 % | 84,35% 34,35 % 90,19% | 87,39% 47,00 % 74,16 %

) Bang 5 cho thdy, két qua phan 16p trén tap T c6 do chinh xac t6t hon tap H va F nén cac thuge tinh ¢ tap T dugc
lay lam thanh phan chinh khi khao sat két hop thanh ba tap thudc tinh d¢ danh gia d6 la: TH, TF va TFH nham thu
duge mot tap thudce tinh két hop tot nhat cho nhan dang hanh déng. Két qua lya chon dyua trén AUC trong md hinh RF
thu dugc tap thugc tinh TFH véi két qua cao nhat.

2. Anh hudng cua cira s6 dit liéu

Céc hanh dong nhu di bg, chay bo, di 1én ciu thang, chay, nhay ... c6 nhiing déc diém, chu ky khéac nhau. Ban
déu, trong qué trinh nghién ciru, khi sir dung kich thudc cira s ¢b dinh de nhan dang cac loai hanh dong bang ctra s6
do. Vlec’na}f daq dén su kho khan khi phai lga chon mot klch thude cira sb phu hop cho tht ca cac loai hanh dong. Bg:
giai quyét van dé nay, nhom ngyén ctru da lya chon huong tiép cén khac khdo sat ddnh gid, Iya chon kich thudc ctra s6
trén tirng hanh dong dya vao do do AUC nham chon duoc cac kich thudc cura s6 phu hop, nang cao d6 chinh xac
phan 16p.

Céc hanh dong xay ra trong mot hanh vi bat thuong dién ra nhanh nén kich thuéc cira s6 dit liéu duoc lya chon

khao sat 1a 1 gidy, 2 gidy va 3 gidy. Két qua phan 16p bang RF tuong g vdi tap dir liéu cét boi kich thude cira s6 khac
nhau, danh gi4 bang phuong phap kiém chimg chéo 10 - fold thu dwgc két qua nhu Hinh 2.
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1,000
0,995 [25% [50% 075%
0,990
0,985
0,980
0,975
0,970
0,965
0,960
0,955
0,950

D6 do AUC

:

ADLs Falls ADLs Falls | ADLs Falls
1 giay 2 giay 3 giay

25% 0,971 | 0964 = 0983 | 0976 = 0,98 0,989

50% 0,975 | 0,977 0,980 0,987 0,981 0,990

B75% 0,962 | 0,969 0,967 0,979 0,969 0,980

Hinh 2. Két qua d6 do AUC cua tt ca cac hanh dong va cua hanh dong ngi

T két qua thu duogc ¢ Hinh 2, nhén thdy kha niang phat hién hanh vi bat thuong kich thudc cira s6 W = 3 giay
va chong dir liéu 50 % la tot nhat.

Phuong phap nhén dang cdc hanh dong hang ngay bang cac thudt toan phan 16p 1a mot phuong phap phd bién
dugc nhidu nghién ciru sir dung. Tuy theo dir liéu, yeu cau cua bai toan s& c6 nhimg hé¢ thdng nhan dang duogc thiét ké
khéc nhau. Véi tap thudc tinh nhu da dé xuat, nhom nghién ctru da thuc nghiém trén bo dir liéu MobiAct; két qua thyuc
nghiém vé phat hién cac hanh dong nga trong nghién ctru nay cao hon so véi cic phuong phap ciia mot 56 nghién cliru
trén cing bo dir liéu nay nhu thong ké trong Bang 6. Qua nhitng két qua danh gia nay cho thiy, hé thong nhan dang 1a
phit hop va c6 két qua kha quan trong viéc nhan dang cac hanh dong hang ngay, dic biét 1a hanh dong nga.

Bang 6.Két qua phuong phap nhan dang trén tap thudc tinh dé xudt véi phuong phap khac [22] trén cing b dit liéu MobiAct

BSC FKL FOL SDL
Charikleia Chatzaki va cong su [22] 83,16 % 75,57 % 69,10 % 72,14 % 75,94 %
Phuong phép de xuat 89,40 % 84,58 % 80,20 % 81,75 % 83,98 %

IV. KET LUAN VA HUONG NGHIEN CUU TIEP THEO

Trong nghién ctru ndy, nhém tac gia da tién hanh tim hiéu, khao sat tinh chat cua dir liéu cam bién, cac k¥ thuat
phan tich dit liéu 4p dung cho loai dit liéu dic thi nay. Sau d6, nhém tién hanh nghién ctru xay dung tap thudc tinh dic
trung nhdm nang cao hiéu qua ciia md hinh nhin dang hanh dong cua con ngudi bao gdm ca cac hanh vi bat thuong.
Dua vao két qua nhan dang cac hanh dong hang ngdy, nhoém tac gia dé xuat k§ thuat phat hién hanh vi bt thuong bang
cach phan doan cira s6 dit liéu cia mot hanh dong thuong ngay thanh cac doan vai kich thudc cira s6 du nho va ap
dung phuong phap nhan dang hanh dong véi cac cira s6 dit liéu nay.

Phuong phap dé xuit di dugc thir nghiém va danh gia két qua dua trén bo dir liéu MobiAct da dugc cong bo.
Véi bo dir liéu nay, 11 hoat dong hang ngay khac nhau cia con nguoi va 4 hanh dong ngd dugc phén loai. Thuc
nghiém véi k¥ thuat rimng ngiu nhién cho két qua t6t nhat trong 03 k¥ thuat duoc sir dung. Ngoai ra so sanh voi két qua
ctia nhdm tac gia Charikleia Chatzaki, mac du két qua tong thé van thip hon tuy nhién ty 1& phat hién cac hoat dong
nga trong md hinh cua bai bao nay cao hon kha nhiéu (Bang 6). Két qua ciia nghién ciru ndy c6 thé htru ich trong viée
phat hién va ngin chin cac hanh dong nguy hiém nhu ngi clia ngudi gia, hodc cac hanh dong khong t6t cho stc khoe
ctia CON nguoi.

Trong thoi gian t6i, nhom tac gia s& tiép tuc hoan thién va phat trién nghién ctru theo hudng sir dung thém céac
dir liéu khéc thu thap tir cam bién gia tdc, con quay hdi chuyén, cam bién nhip tim va cam bién dém budc chan cua
dong ho thong minh va dién thoai thong minh dé nhan dang cic hanh dong ctia con ngudi duge phong phd hon. Khi
do, cac hoat dong nhu theo ddi ché d6 dinh dudng cua tung ca nhan, phat hién cac théi quen x4u c6 thé duge theo doi.
Ngoai ra, c6 thé dua ra cac canh bao véi nhitng nguoi nhu di bo bo tay trong tdi, di loang choang,....
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HUMAN DAILY ACTIVITIES RECOGNITION USING A SMARTPHONE’S ACCELERATION SENSOR
Le Hong Lam, Cao Ngoc Anh, Nguyen Hoai Nam, Nguyen Duc Nhan, Tran Thuy Binh, Nguyen Ha Nam

ABSTRACT: Accurately human daily activities recognition is always a topic that attracts a lot of attention in research and
it is however a difficult task, especially in case of large number of activities including abnormal activities such as fall. Thanks to the
widespread use of smartphones, the problem of activities recognition based on data obtained from sensors on smartphones is
receiving much attention. This article will examine and evaluate a pattern that identifies everyday activities including anomalous
behaviors based on accelerometer sensor data of smartphones. The influence of the sliding window size and the different sets of
features on the classification accuracy of each activity will also be examined and evaluated in this paper. Different sets of features
are based on different domains, including time domain, frequency domain and Hjorth parameters, and combinations between them.
The appropriate set of features with the best classification result will be determined. Experiments are also conducted on different
classifiers including Random Forest (RF), SVM, kNN and the results obtained showed that Random Forest algorithm achieved the
best recognition result.



